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RESULTS AND ANALYSIS OF A COMBINED AERIAL AND GROUND
ULTRAHIGH-FREQUENCY NOISE SURVEY IN AN URBAN AREA
by Godfrey Anzic and Charlene May

Lewis Research Center

SUMMARY

The results of a combined aerial and ground survey of radiofrequency noise in
Phoenix, Arizona, are presented. The measurements were made at 0.3, 1.0, and
3.0 gigahertz.

The rms noise level and the average noise envelope voltage were measured. Ten
3-decibel (dB) step comparators were also used to provide data on noise amplitude dis-
tributions. Simultaneous air measurements were made while conducting the ground
measurements. The air and ground rf noise measuring systems were essentially the
same. The primary objectives of the survey were to determine the correlation between
air and ground noise data and to demonstrate the ability to identify high urban noise
areas from aerial data.

The survey was performed by the contractor, General Dynamics/Convair Division.
All data reduction and correlation calculations were made at NASA Lewis Research
Center. Due to the very large quantity of data obtained during the survey, a computer
was used to reduce the data to usable numbers and plots. '

The results of the survey indicate that identification of high urban rf noise areas -
can be accomplished from aerial data. Good correlation between simultaneous air and"
ground noise data was obtained for properly selected ground sites. Typical noise ob-
served was impulsive and random and exhibited a high peak-to-rms ratio. It is esti-
mated that an aerial survey of an urban area can be performed in 5 to 10 percent of the
time required for a ground survey.

INTRODUCTION

The ultrahigh radiofrequency spectrum (UHF) presents a region where a space-to-
earth communication system is feasible and attractive technologically. However, radio-



frequency noise poses a major problem in the design of such communication systems
intended to serve large areas. Considerable effort must be expended to recover the
original signal once it has been degraded by the addition of numerous interfering signals.
Since rf noise is associated with human activity, urban areas normally exhibit high
noise levels. Knowledge of rf noise levels in urban and other inhabited areas must be
obtained if a system serving a large area with many receiving terminals is to be de-
signed effectively. The available man-made noise data for this frequency region is
nominal and outdated.

Radiofrequency noise or interference (RFI) is generally considered to be either
coherent or incoherent. Emissions from radar, communication systems, etc., are
considered to be coherent, while indigenous man-made noise such as that generated by
ignition systems and other types of electrical machinery is considered to be incoherent.
The investigation of incoherent noise, typically impulsive and random in nature, is pre-
sented in this report.

Most previous rf noise investigations were conducted by measuring noise at different
ground locations. This task is expensive and time consuming. Since for our purpose
the definition of only high noise areas is required, a quick and inexpensive method of
surveying large urban areas is desirable. An aerial survey is economically attractive
and promises a quick way to obtain the desired data. However, to make such a survey
useful, the ability to identify high urban noise areas from airborne data must be demon-
strated and the correlation between ground and air noise levels must be obtained.

This report presents the results of a combined aerial and ground rf noise survey
conducted in the city of Phoenix, Arizona, during the summer of 1968. The survey was
conducted by General Dynamics/Convair Division under contract for NASA. Details of
measurements taken during the survey are given in the contractor's final report (ref. 1).
All data were reduced at NASA Lewis Research Center. The survey was performed as
part of the space-to-earth communication technology evaluation.

’ EQUIPMENT AND PROCEDURE
Ground Survey

Since the RFI in the upper region of the UHF spectrum is relatively unexplored,
radiofrequency noise was measured in clear channels at or near 0.3, 1.0, and 3.0
gigahertz. The receiving system, housed in a shielded and generator-equipped van,
consisted of three low-noise (noise figure <4 dB) solid-state receivers (fig. 1(a)). A
data processing and recording system (fig. 1(b)) conditioned the basic noise data into
desired parameters and supplied the necessary coding information for tape recording.



Ground noise data was measured as a function of antenna azimuth, polarization, eleva-
tion above the horizon, and time of day.

Six antennas, mounted on a 40-foot (12-m) collapsible tower, were used to receive
rf noise. The characteristics of the antennas were as follows:

Frequency, Type of antenna | Gain. Polarization
GHz dBj
0.3 Quad dipole 11 Circular
.3 Corner reflector| 10 | Vertical or horizontal
1.0 Helical 11 | Circular
1.0 Horn 9 | Vertical or horizontal
3.0 fHelical 13 | Circular
3.0 Horn 19 Vertical or horizontal

Six locations, on or near the flightpaths which cross the city hub, were selected as
noise measuring sites (fig. 2). In order to avoid near-field noise sources, the measur-
ing sites were a reasonable distance from homes, high buildings, and power lines, as
shown in figure 3. Photographs taken of each site and the surrounding area were used
for site characterization during the data reduction.

Noise data was collected by a periodic sampling of rf noise at each of three frequen-
cies. A sequencer controlled the period of measurement at each frequency. In order to
observe the daily urban noise variation, all recording was done during three time
periods:

(1) Morning (0630 to 0830 hr - rush hour)

(2) Noon (1000 to 1200 hr)

(3) Evening (2000 to 2200 hr - post rush hour)

No measurements were made on weekends.

To properly characterize the noise and its effect on wideband channels, a noise
bandwidth of 2.7 megahertz was used in all three survey channels. The noise param-
eters measured were rms noise, average noise envelope, 60-hertz noise component, and
15.75-kilohertz noise component.

Ten 3-dB-step comparators were also used to provide data on noise amplitude dis-
tributions, pulse width, and frequency of occurrence.

Aerial Survey

A DC-3 aircraft, equipped with an interference-suppressed ignition system and
suitable electrical power generators, was used in the aerial survey. An air speed of



100+10 knots (185+18 km/hr), at altitudes of 1000 and 4000 feet (305 and 1220 m), was
used for all survey flights. The aircraft, frequently used in scientific experiments of
similar nature, proved ideal for this task, since the pilots were familiar with precise
flying requirements.

The receiving system used for the airborne survey was essentially the same as the
ground system, except that only circularly polarized antennas were used. The antennas
were mounted on removable panels on the underside of the aircraft fuselage (figs. 4
and 5).

Five parallel paths were flown over the city. One path was also flown normal fo
these paths passing over the center of the city (fig. 6). Simultaneous ground measure-
ments were made at three ground locations while conducting the air measurements.

Like the ground measurements, the air measurements were also made during morning,
noon, and evening hours. An automatic sequence camera was used to provide the photo-
graphic record of ground area covered by the antenna pattern. The sequence photographs
were used for noise source identification and air data correction factor calculation.

Data Reduction

Recording format. - The rf noise data, conditioned into the desired parameters
(e.g., rms noise, average noise envelope, etc.) by the data processing system was re-
corded on magnetic tape in the format shown in figure 7. A logic system, driven by a
100-hertz clock, advanced the receiving system sequentially through three rf channels
at a rate of 3 seconds per channel. A diode function generator scheme was used to com-
pute the rms value of noise, which was averaged over a 300-millisecond period. The
average noise envelope was rf noise averaged over a 100-millisecond time period.

Phase lock voltmeters were used to provide the 60-hertz and 15.75-kilohertz noise com-
ponent values.

Ten amplitude comparators, set to the levels shown in table I, provided data on
noise amplitude distribution and frequency of occurrence. Two integrators were asso-
ciated with each comparator. The first integrator's output was directly proportional to
the amount of time the noise exceeded the particular comparator level (time integrator).
A second integrator, whose output was directly proportional to the number of times the
noise level exceeded the comparator threshold, provided data on frequency of occurrence
of noise pulses (events integrator).

Code channels, identifying frequency, time/events integrators, antenna orientation,
and other pertinent information were also recorded on magnetic tape to facilitate data
reduction. All data channels were calibrated by introducing voltages corresponding to
0 and 100 percent of full-scale deflection into each data channel. A 50-kilohertz refer-




ence frequency, also recorded on magnetic’tape, served to correct any data errors
introduced by recorder speed variations.

Computer data proCessing. - Initial airborne and ground noise survey data tape
processing included addition of time code and digitizing an average of 15 coding and data
channels from each survey tape. In order to conserve computer time and the amount of
tape generated by the digitizer, the lowest usable digitizing rate was used. Since 10
channels of comparator data (time/events integrators) were recorded in proportion to
the amplitude of a 150-millisecond-wide pulse, proper data reduction of these channels
limited the choice of the digitizing rate. After an unsuccessful attempt to properly re-
trieve the comparator data from a tape digitized at a rate of 1 kilohertz (data sample
every 15 msec), the next available rate of 4 kilohertz was employed. In this case, the
data were sampled approximately every 4 milliseconds. Unlike the first case, the
sample rate here was sufficient for the computer to properly identify the code channel

pulse levels when the time and events integrators were to be sampled. Plots of ampli-
tude against time were generated for both time and events integrator data at each com-
parator level.

A 3-second sample of rf noise at each of the three survey frequencies was available
to the computer. Controlled by the frequency code channel, the rms data were sampled
and averaged only during the middle second. Data during the first and third seconds
were rejected because of possible errors due to system rise tiime and switching tran-
sients.

All aerial rms noise and comparator data were plotted by the computer as a function
of time for each flightpath. Similarly, all rf noise data recorded at various ground sites
were also plotted on microfilm as a function of time. In addition to mierofilm plots, the
ground rms noise data were also sorted and printed out as a function of frequency, an-
tenna azimuth, antenna polarization, and antenna elevation.

Data compensation. - The 50-kilohertz reference frequency, recorded on the mag-
netic tape along with data and coding channels, served to compensate any errors intro-
duced by tape recorder speed variations. Normal data compensation during the initial
phase of data reduction could not be accomplished, because the playback recorder was
limited to only two tracks of data compensation. Since the survey recording format
utilized four tape tracks, and significant' errors were encountered without compensation,
all data were compensated during the computer phase of data reduction. It can be shown
that from a basic relation of

)

. f!
1.1 (1)
fO fI‘



where

fi true frequency, any data channel

fO reference frequency for zero error (50 kHz)

fi  detected frequency, any data channel

f r detected reference frequency

the final data compensation relation can be calculated to be

L R AT A W -V .
o) 1 u /s fs 0/

where

Si true signal voltage

S{ detected signal voltage

Sr reference channel voltage

f o reference channel center frequency (50 000 Hz)
f1r reference channel lower band edge (46 250 Hz)
fur reference channel upper band edge (53 750 Hz)
fr detected frequency, reference channel

fio detected frequency, any data channel

fli data channel lower-band-edge frequency

fui data channel upper-band-edge frequency

(st,Vo)_ full-scale and zero calibration voltages for any data channel
i

(st,VO) full-scale and zero calibration voltages for reference channel
r

Since all the defined parameters are known, the true signal voltage Si for any data
channel was easily obtained.
RESU LTS AND DISCUSSION
Ground Data

A typical example of rms noise data from the ground survey is shown in table II.
The rms noise voltage, the parameter most commonly used in noise calculations,
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expressed in dB above KTB (where K is Boltzmann's constant, .T is 290 K, and B is
receiver bandwidth) is presented as a function of time of day. Noise data were found to
be insensitive to antenna polarization; therefore, the noise levels presented are the
average noise levels received with the antennas of three different polarizations.

The results from only three ground recording sites are presented. These sites
were selected as typical of the total of six where the rf noise was measured. Site 1 was
located in a downtown area, site 3 in the industrial outskirts of the city, and site 10 was
adjacent to an interstate highway in the older section of the city. Typical noise levels
obtained at these ground sites confirm the fact that the daily cyclic nature of rf noise is
directly dependent on human activity. Normally, the highest noise levels were recorded
during the rush hour. Although noise recordings were only made during the morning
rush hour (0630 to 0830 hrs), it is assumed that similar noise levels occur during the
evening rush hour (1600 to 1800 hrs). The average rush hour rms noise levels recorded
were 11 and 6 dB above KTB for 0.3 and 1.0 GHz, respectively. Average noon hour
noise levels were approximately equal to the rush hour levels. Late evening noise levels
were 4 to 6 dB below the rush hour levels. Typical noise predominating in most caseé
was caused by the automobile ignition systems. Similar observations were made during
an earlier rf noise survey conducted in Cleveland, Ohio, in 1967 (ref. 2).

A sample of microfilm data of rms, average noise envelope, and time comparator
levels recorded at site 10 are presented in figure 8. No events comparator data are
presented because of the improper scaling employed during the survey. Subsequent in-
vestigation into the events comparator scaling revealed that the typical number of noise
pulses recorded at 0.3 gigahertz ranges from near 7000 per 3 seconds for the first com-
parator (near receiver threshold) to 1500 per 3 seconds for the 10th comparator (30 dB
above receiver threshold). The events integrator scaling as presented in table I resulted
in a full-scale output for all 10 integrators which yielded little usable data.

Phaselock voltmeters, employed to sample the noise components related to the
television synchronizing frequencies, indicated that insignificant 60-hertz and almost no
15.75-kilohertz noise component levels existed in the general urban UHF rf noise en-
vironment. No 3-gigahertz data are presented since most data obtained are questionable
because of receiving system limitations. The small quantity of valid data obtained in-
dicates that the rf noise was near the system threshold for the majority of the time
(<4 dB above KTB).

Aerial Data

An airborne antenna surveys a considerably larger area than a ground antenna.
Although a ground antenna gives adequate information about the noise environment of a



specific area, an airborne antenna supplies only limited time-varying noise information
of a particular area. This is due to the considerably shorter time during which an
area's noise is measured from an aircraft. An aerial survey, therefore, provides a
better knowledge of a general noise environment of a larger area than a ground survey.
Figures 9(a) and (b) show the area covered by aerial antennas' half-power beamwidths
from the survey altitudes of 1000 and 4000 feet (305 and 1220 m). The majority of the
rf noise data were taken from the 4000-foot (1220-m) altitude, although some noise data
were also recorded from the 1000- and 10 000-foot (305~ and 3050-m) altitudes. The
analysis of the data revealed that no useful correlation could be obtained between ground
noise and data taken from 10 000 feet (3050 m) altitude due to an extremely large differ-
ence between the two areas ""seen' by the survey antennas. Radiofrequency noise data
obtained at a 1000-foot (305-m) altitude proved to be somewhat too selective of noise
sources because of the antenna's narrower coverage pattern. An additional problem of
aircraft stability at this low altitude and speed forced the adoption of 4000 feet (1220 m)
as the optimum survey altitude.

The 0.3- and 1. 0-gigahertz rms noise profiles of the city of Phoenix, Arizona, are
shown in figure 10. Data presented show the typical daily cyclie variation of rf noise
also exhibited by data recorded during the ground survey. High urban noise areas are
easily identified from aerial data. High noise areas were typically recorded over down-
town areas (fig. 11(a)), over the electric power distribution station (fig. 11(b)), and over
major road intersections (fig. 11(c)). The noise probability distributions for all air-
borne data at 0.3 and 1.0 gigahertz are shown in figure 12. Typical 1.0 gigahertz noise
levels during rush hour were 5 to 6 dB below the 0. 3-gigahertz values. As it was evi-
denced during the ground survey, the rf noise recorded during the aerial survey also
exhibited a very high peak-to-rms ratio. Figures 13 and 14 present the rms noise with
its corresponding time integrator traces at comparator levels ranging in noise power
from 6 to 35 dB above KTB. Both 0.3- and 1.0-gigahertz data indicate that the peak-to-
rms ratio for rf noise is approximately 10 dB.

Air-Ground Noise Correlation

As shown in figure 15(a), the ground system received noise from the following
sources: sky T s’ ground T _, the receiver itself Tr’ and the indigenous noise sources
T,, in the subtended angle ¢. Figure 15(b) presents the weighting factor G; which was
calculated from the integration of the antenna gain as a function of angle 9 subtended by
the noise sources. Angle § was estimated from the photographs taken at each ground



site. The noise temperature received at a ground site T or with the antenna at 0° ele-
vation, can be expressed as

Tgr:0‘5Ts+0'5Tg+Tr+GiTi (3)

The noise power received by the airborne system is shown in figure 16. The air-
borne noise temperature Tar consists of the ground temperature T ) receiver system
temperature Tr’ and the indigehous noise temperature Ti' The weighting factor Ai’
representing the percentage of ground area covered by indigenous noise sources (area of
human activity), was selected from the examination of aerial photographs. The noise
temperature received by the airborne antenna is ’

T,p=1.0 Tg+AiTi+Tr (4)
Assuming that T o T . and Tr are negligible in most cases, equations (3) and (4) yield
the following correlation expression:
Eill o ﬁ (5)
Tgr Gi

As an example, the correlation data for two ground sites are presented in table III.
It is evident that the aircraft altitude and ground site selection greatly affect the degree
of correlation. Noise data collected at a 1000-foot (305-m) altitude tend to correlate
better with the ground data since the aircraft antenna becomes more selective of noise
sources in its narrower coverage pattern. Results of the air and ground noise data cor-
relation for 0.3 and 1.0 gigahertz are shown in figures 17(2) and (b). As shown, only a
limited number of simultaneous data points were taken. Assuming that rf noise levels
follow a definite daily pattern, a number of other correlations between aerial and ground
noise were made if the two readings were recorded within the same hour of the day. A
wide variation in correlation data obtained at the 0. 3- and 1.0-gigahertz frequencies can
be attributed also to the time-varying nature of noise. The air-ground correlation data
indicate that an estimate of the ground noise levels can be obtained by subtracting 5 to 7
dB from the noise levels obtained at a 4000-foot (1220-m) altitude.

Figure 18 shows the aerial and ground photography employed for site definition.
The site shown in figure 18(a) is the downtown area where good air-ground noise corre-
lation was obtained. The noise-subtended antenna angles were large compared to the
site shown in figure 18(b), where poor correlation was obtained. Poor air-ground noise
correlation generally resulted where the ground antenna was situated a considerable dis-
tance away from possible indigenous noise sources. One example of such a site is shown



in figure 18(b), where the airborne antenna obviously surveyed noise sources that were
not ""seen'" by the ground antenna. The ground site shown in figure 18(c), where the
ground antenna was immersed in a relatively constant noise environment, yielded good
correlation data.

SUMMARY OF RESULTS

A combined aerial and ground radiofrequency noise survey was conducted in the
Phoenix, Arizona, area during the summer of 1968. The objectives of the survey were
to demonstrate the ability to identify high urban rf noise areas from aerial data and to
determine the correlation between aerial and ground data. The following results were
obtained:

1. It is estimated that an aerial survey of an urban area can be performed in 5 to 10
percent of the time necessary for a ground survey (ref. 1). Even though the hourly cost
of the Phoenix, Arizona, aerial survey was approximately three times that of the ground
survey, its cost-time product is still one-third that of the ground effort.

2. An aerial survey can be used to quickly identify high urban noise areas.

3. Cyclic behavior of noise is easily determined from air data in a fraction of the
time required to obtain the same result from ground data.

4. The ground noise levels are 5 to 7 dB below noise levels obtained at a 4000-foot
(1220-m) altitude.

5. Ground sites well immersed in noise yielded good correlation with air data, while
poor correlation was generally obtained with ground sites well removed from human
activity.

6. Typical ground rms 0. 3-gigahertz noise levels at rush hour and late evening were
11 and 6 dB above KTB, respectively. One-gigahertz noise levels were 5 to 6 dB below
the 0. 3-gigahertz values. A small amount of valid 3.0-gigahertz noise data obtained
shows it to be below receiver threshold (<4 dB above KTB).

Lewis Research Center,
National Aeronautics and Space Administration,
Cleveland, Ohio, November 27, 1970,
164-21.
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TABLE 1. - COMPARATOR AND TIME /EVENTS INTEGRATOR SETTINGS

Comparator | Turnon level |Time on 3-second | Number of | Minimum pulse
number interval to cause | pulses for | separation for
dBm |dB above 100-percent inte- {100-percent| recognition,
KTB grator output, integrator usec
percent output
1 -104 6 100 3000 3.5
2 -101 9 3000
3 -98 12 3000
4 -95 15 1000
5 -92 18 1000
6 ~89 21 500
1 -86 24 50 500
8 -83 21 50 100 35
9 -80 30 25 50 35
10 =77 33 25 50 35

TABLE II. - AVERAGE DAILY RADIOFREQUENCY NOISE

LEVELS AT SITES 1, 3, AND 10

Time of day

Frequency, 0.3 GHz

Frequency, 1.0 GHz

Site

1 31 10| Average| 1

3

10

Average

Average rms noise level, dB above KTB

Morning (0630 to 0830 hr)
Noon (1000 to 1200 hr)
Evening (2000 to 2200 hr)

61 5] 6

9| 6] 14 11 7
10| 13] 11 11 8
6 8

4
9
<4

8
5
<4

6

11
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TABLE III. - SAMPLE AIR-GROUND NOISE CORRELATION

{Frequency, 300 MHz; bandwidth, 2.5 MHz ]

Ground site

Site 3, oyen field

Site 10, near
highway

Aircraft altitude, ft (m)

4000 (1220)

1000 (305)

Airborne noise temperature,
T_ .., m
ar’ dB.

-89+2

~82+2

Ground antenna azimuth

North East South | East
Noise temperature -102+2 | -102.5+2 | -97+2 |-98+2
at ground site, T - dBm
Weighting factor, Ai’ dB -1 -1 0 0
Weighting factor, G;. dB -8 -101 -38.5 ~5
Ratio of airborne noise
temperature to ground
noise temperature,
Tar/ngr‘ dB:
Calculated 7 9 3.5 5
Experimental 13 13.5 4.5 5.5
Subtended angle, 6. deg 10 5 45 25
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=3 SeC—t=—3 seC—=+=—3 SeC—>j Data and coding channels:
H

100 Percent

1
1
Computer i
sample -~ 4 T — ras noise
(1 sec) JM
1 4 0
Events EFvenis [JEvents ; 100 Percent 10 Timelevents
. . : { comparators,
Time Time Time 0 3-dB stens
7 - 100 Percent 0.3 GHz
P ¢
! 1.0 GHz ) Frequency code
' 0 . 306K
. i : i 100 Perc=nt  Time
] 1 Time/events code
{ N l
msec !
rd L L 0 - Events
- 270° from city hub
- 180° from city hub | pntenna azimuth
- 90° from city hub
~ Toward city hub
- Horizontal
——————l - Circular Antenna polarization
-~ Vertical i

- 45° ) Antenna elevation
- 0°

—a—— Time

Figure 7. - Radiofrequency noise data recording format.
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(a) Altitude, 1000 feet (305 m); flightpath F.

Figure 9. - Ground area covered by airborne antennas,

C-T0-3670
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(b Altitude, 4000 feet (1220 m); ffightpath A,

Figure 9. - Concluded.
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rms noise, dB above KTB
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Figure 10. - rms noise; altitude, 4000 feet (1220 m).
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rms noise, 3 above KT
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1a1 Flightpath A. High noise area, downtown,

Figure 11. - Combined aerial photographs of high noise areas. Altitude, 4000 feet (1220 m),
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(b) Flightpath D. High noise area,‘powerplant.

Figure 11, - Continued.
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Flightpath A

AR

(c} Flightpath A.
Figure 11. - Concluded.
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Figure 12. - rms noise probability distribution. Altitude, 4000 feet (1220 m).
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Figure 17. - Air-ground correlation, five ground sites.
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West, 8= 45°

South, 8= 45°
{a) Site 1, McKinley St. and North 2nd St.

Figure 18, - Aerial and ground photography used for site definition.
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